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We, Imperial Chemical Industries 
Limited, of -Imperial- Chemical -House, 
Millbank, London, S.W.I a- British 
Company do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
id to be performed, to be particularly de- 
scribed in and by the following state- 
ment : — . 

This invention relates to new synthetic 
resins and their conversion into rubber- 
like materials. 

By the term rubber - like as used 
throughout this specification we mean 
haying physical properties similar to 
those of vulcanised natural rubber. 

According to the present invention we 
provide a process- for the production of a 
synthetic resin which comprises reacting 1 
under substantially anhydrous conditions 
an excess of one or more bifunctional iso- 
cyanates with one or more linear poly- 
ethers having the formula 

HO.(R.O) a .R.OH 

in which the various embodiments of It 
are divalent aliphatic hydrocarbon radi- 
cals and may be same or different and a is 
an integer the average value of which is 
such that the average molecular weight 
of the polvether is greater than 1,000. We 
have found that a rubber-like material 
• having an excellent combination of high 
tensile strength, high tear resistance, and 
resistance to abrasion may be produced by 
-li eating said synthetic resin in the pre- 
sence of a basic catalyst or by first modi- 
fying- the synthetic resin o£ our invention 



with water, steam, ammonia or a, com- 
pound having- two groups-each reactabW 
with the isocyanate group, and thereafter 
subjecting the reaction product to an 
elevated temperature. Also such rubber- 
like materials may be obtained by sub- 
jecting' a composition comprising a syn- 
thetic resin according to our invention, 
and a compound having at least three 
hydroxy! groups, to an elevated tempera- 
ture. 

Bifunctional isocyanates which may be 
used are, for example, hexamethylene di- 
isocyanate; 2-nitrodiphenylene-4,4 1 -diiso- 
cyanate ; ^f-nitiodiphenyl-methane-^^-di- 
isocyanate; naphthylene - 1,4-diisocyan- 
nte; naphthylene-l-5-diisocyanate; naph- 
thylene-2,7-diisocyanate ; ftuorene-2,7-di- 
isocyanate; chryseue-2,8-diisocyanate ; 1- 
chlbrophenylene - ,2,4-cliisocyanate; toly- 
lene 2,4-diisocyauate; dicyclohexylmeth- 
ane^^-diisocyanate ; di-paraxylylmeth- 
ane^j^-diisocyanate ; diphenylene - 4,4 l - 
diisocvanate and 4,4 J -cyclohexylphenyl 
diisocyanate. Mixtures of any of these 
compounds may be used. 

We prefer to use polyethers which have 
low melting points and for this reason we 
prefer to use polyethers in which the con- 
secutive oxygen atoms in the polyether 
are separated by chains of not more than 
four carbon atoms, such for example as 
are obtained by the polymerisation or co- 
polymerisation of the following com- 
pounds : — ethylene oxide, isopropylene 
oxide, trimethylene oxide, ^methyl tri- 
methylene oxide, 3,3 l dimethyl tn- 
methvlene oxide, tetrahydrofurane, 1,3 
dioxaue and dioxolane. Of these com- 
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pounds we further prefer to" use those 
which have no side groups since we find 
that synthetic rubbers derived from such 
compounds have the best combination of 

5' physical properties. Such polyethers may 
be prepared by any suitable known 
method, for example ethylene oxide may 
be polymerised by the action of water, 
glycol, acetic anhydride or caustic soda. 

10 Tetruhydrofurane may be polymerised by 
the action of catalytic amounts of fluoro- 
sulphonic acid, or boron trifluoride with 
small amounts of ethylene oxide or pro- 
pylene oxide, followed by treatment with 

15 water. 1,-3 dioxane may be polymerised by 
refluxing under nitrogen in the presence 
of boron, trifluoride acetyl chloride and 
acetic acid. " 

Depending upon~*the method of J>re- 

20 paration the polyether may have terminal 
groups which are not hydroxy 1 groups, 
and in such circumstances the non-react- 
able terminal groups should be replaced 
by Jiydroxyl groups by known methods. 

25 For example, polyethers having terminal 
vhloro groups may-be treated "by .heating 
with dilute alkali to replace the chloro 
groups by hydroxyl groups. 

Keaction between theTPolyether and 
30 Bifunctional isocyanate. 

In carrying but the process of bur in- 
vention the polyether is reacted, with the 
bifunctional diisocyanate preferably at 
an elevated temperature, for example 

35 120°— 160° C. This enables the reaction to 
be completed rapidly. The reaction must 
be carried out under substantially an- 
hydrous conditions-, that is. to say, water 
must be excluded to a sufficient extend 

40 that the reaction proceeds essentially be- 
tween the polyether hydroxyl groups and 
the isocyanate groups. We have found 
that the reaction proceeds satisfactorily 
provided the water content of the reaction 

45 mixture does not exceed about 0,1% of 
the weight of the reaction mixture. 

It is also preferable that the polyether 
should be free from acid since the presence 
of acid may have an inhibiting effect upon 

50 the reaction between the bifunctional iso- 
cyanate and the polyether. The mixture* 
of bifunctional isocyanate and polyether 
sbould therefore be neutral or slightly 
alkaline, e.g., an acid polyether can be 

55 made alkaline by the addition of .^i-Jbasic" 
material. The basic material is preferably 
one that does not react with any of the 
other ingredients and has a -relatively 
low boiling point, e.g. les& than 100° C. 

60 so that excess can be removed easily. Suit- 
able basic materials are organic tertiary 
bases, e.g. triethylamine. A considerable 
part of any residual acidity from the pre- 



paration of the polyether can be removed 
by boiling- with water, e.g. down to an 65 
acid number of 4 or less and only the fiual 
traces need be removed by the basic 
material. 

The polyether is most convenient ly 
dried before carrying out the reaction by 70 
heating, e.g. at 120° "0. in the liquid state 
in a current of a dry inert gas, e.g. nitro- 
gen or carbon dioxide, and, if desired, 
under reduced pressure. It will be appre- 
ciated that in reacting the polyether 75 
with the bifunctional isocyanate there 
may be some cross linking although the 
final product is essentially a linear com- 
pound. Where there is no cross linking 
the synthetic resin is normally a sticky 80 
semi-solid material, but where there is a 
slight degree of cross linking the com- 
pound tends- to be more rubbery. 

It is necessary that an excess of bi- 
functional isocyanate over the polyether 85 
should be used in order to produce a syn- 
thetic resin having terminal isocyanate 
groups. The relative amo unt of b ifunc - 
tionai isocyanate chosen will determine to 
what extent chain lengthening of the 90 
polyether molecules is allowed to pro- 
ceed. -Thus, when the amount of bifunc- 
tional isocyanate is only slightly inore 
than one mole per mole of polyether, there 
will be a considerable degree of chain 95 " 
lengthening. When the amount of bi- 
functional isocyanate is greater than two 
moles per mole of^oly ether there will be 
substantially no chain lengthening of the 
polyether. The physical properties of our 100 
product and its rubber-like derivative are 
controlled by the ratio of the reactants, 
by their molecular weights and their 

•.structures. It. is necessary therefore to 
vary (the amount of bifunctional isoeyan- 105 
ate which is used" according to- the mole- 
cular weight of the polyether. 

We pref er that the polyethers used in 
our invention should have average mole- 
cular weights greater than 1,400 in order 110 
to obtain good quality rubber-like pro- 
ducts and achieve economy in raw 
materials, and that for the former reason 
the synthetic resin of our invention should 
have an average molecular weight greater 115 
than 5,000. Too high a molecular weight . 
in the polyether should .be avoided since 
as the..molecular -weight is increased the 
degree of cross-linking in the final rubber-. 

" like product is reduced. Also, with very 120 
high molecular weight polyethers, there.. .... . 

may -be increased tendency to crystallise . 
which may affect the physical properties 
of the rubber-like material produced 
therefrom, e.g. there- may be a tendency 125 
to cold-harden or to stretch embrittle- 
ment. -• * 

With polyethers having an average 
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molecular weight below 5,000 it is desir- 
able therefore that there should be some 
chain lengthening during the treatment 
with the Afunctional isocyanate, and for 

5 such polyethers particularly useful 
amounts of Afunctional isocyanate are 
from 1.2 to 2 moles per mole of polyether. 
With polyethers having average molecu- 
lar weights below 5,000 the amount of 

10 bif unctional isocyanate which is used may 
H be varied within these limits according as 
" : to whether the synthetic resin is to be 
pressed iu a heated mould into a rubber- 
like product or cast into sheet form as 

15 hereinafter described. Where our resin is 
' to be moulded a suitable resin is obtained 
by using low concentrations of the bif unc- 
tional isocyanate within these limits, and 
where our resin is to be cast, higher con- 

20 -centrations of the Afunctional isocyanate 
should be used since these give a more 
fluid product. With polyethers having an 
average molecular weight above 5,000 and 
particularly above 7,000 we prefer that 

23 there should be no substantial degree of 
chain lengthening. Although theoretically 
this can M.aohiev.ed Jry using. 2_moles .of 
Afunctional isocyanate per mole of poly- 
ether, we prefer to use an excess of up to 



30% over the theoretical amount of bi- 30 
functional isocyanate. The production of 
our synthetic resins from polyethers hav- 
ing an average molecular weight greater 
than 5,000 is advantageous economically, 
since the amount of bif unctional isocyan- 35 
ate, which is normally the more expensive 
reactant, needed to produce a synthetic 
linear resin of a given molecular weight, 
is less than needed to produce the same 
molecular weight synthetic resin from a 40 
relatively low molecular weight poly- 
ether. 

The molecular weights of polyethers re- 
ferred to throughout this specification and 
in the appended claims are average mole- 45 
cular weights and were determined by 
tbulliometry. Molecular weights of the 
synthetic resins of our invention, when 
referred to, are theoretical molecular 
weights based on the assumption that they- 50 
are linear synthetic resins and no cross- 
linking reactions occur in their prepara- 
tion. 

The synthetic resin of our invention, in 
its linear form comprises polyether chains 55 
having terminal_iso cy a nate .groups and 
may be represented by the formula : — 



O = CNX[NH — O — 0 — (H.O)» — C — NH — X]* — NC = O 

0 o 



in which the various embodiments of It 

60 are divalent aliphatic hydrocarbon radi- 
cal s and may be the same or different, the 
various embodiments of X are divalent 
organic radicals and may be the same or 
different, a and b are integers and the 

65 average value of a is such that the average 
molecular weight of HO(K.O) .H is greater 
than 1,000. The average value of b is 
preferably such that the synthetic resin 
has an average molecular weight of at 

70 least 2,000. If there has been chain- 
lengthening during the modification # ot 
the polyether with the Afunctional iso- 
cyanate, as is desirable when the average 
molecular weight of the polyether is be- 

75 low 5,000, the value of b will be two or 
more in the majority of the molecules of 
the synthetic resin. If there lias been no 
chain-lengthening* as is desirable when 
the average molecular-weight of the poly- 

80 ether is above 5,000, the value of b will be 
one in the majority of the molecules of 
the synthetic resin. In producing a rub- 
ber-like material, our synthetic resin is 
cross-linked by one of the various methods 

85 described herein. The product thus ob- 
tained is a rubber-like material compris- 
ing polyether chains chemically linked 
together by residues of at least one bi- 



f unctional isocyanate and /or derivatives 
thereof, wherein the polyether chains each 90 
have the formula — E.(O.R) a — in which 
the various embodiments of It are divalent 
aliphatic hydrocarbon radicals and may 
be. the same or different and a is an integer 
the average value of which is such that the 95 
average molecular weight of* 

HO.R.(0.1l) a .OH 

is at least 1,000. The final step of the pro- 
cess may comprise either a casting process 
in which the material to be cast is heated 100 
in an open mould to form a rubber-like 
sheet, or a moulding process in which the 
material to be moulded is subjected to 
heat and pressure to form a moulded 
article. We prefer that when a casting 105 
process is used that our synthetic resin, 
whether reacted or mixed with other com- 
pounds as described herein, or not, shoukl 
-be-in a substantially linear condition with 
or without chemical modification as de- 110 
scribed hereinafter, since the casting 
process is thereby facilitated. When, on 
the other hand the final step is a mould- 
ing process in which pressure is used, we 
prefer that the material which is fed into 115 
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the mould should be modified by some de- 
gree of cross-linking by a heat and /or 
masticating treatment with or without a 
modifying reagent as described herein- 

5 after, since this is a convenient form to 
handle for moulding purposes; the 
material should of necessity be. cross- 
linked only to the extent that it is still 
capable of' being moulded and this stage 

10 is normally reached when the material is 
iu the form of a crepe which is capable 
of being worked on heated rolls. 

Conversion of the* synthetic resin to a . 
rubber-like material byjieating in the 
15 presence of a catalyst. 

The synthetic resin of our invention 
may be converted into u synthetic rubber 
by heating in the presence of a basic 
catalyst. The catalyst anay be organic or 

20 inorganic and is preferably one which 
does not contain groups which jreact with, 
isocyanat© groups. Examples of catalvsts • 
are: alkoxides, e.g. sodium methoxide,^ 
sodium ethu-vide j inorganic bases; erg. 

25 calcium oxide or hydroxide barium 
oxide or hydroxide, beryllium hydroxide, 
lithium hydroxide and sodium- hydroxide; 
and tertiary organic bases, e.g. trimethyl- 
am ine, triethylamine tripropyl amine, 

30 tributylamine, tiiamylamine, tribenzyl- 
umine and diinethylaniline. The amount 
of catalyst, required is normally within 
the rauge U.lK> to 0.5,% based- on the 
weight of" the synthetic resin. When the 

35 synthetic resin has been prepared from 
the less reactive diisocyanates, e.g. 
aliphatic diisocyanates, the more reactive 
catalysts such as the alkali hydroxides are 
best used to Increase the speed of the re- 

40 action. 

The catalyst can be incorporated into 
the polyether before reacting with the bi- 
fu actional isocyanate or it may be added 
to the synthetic resin of our invention. 

45 The properties of the final product will 
depend upon the uniformity of the re- 
action which proceeds when the synthetic 
resin is heated in the presence' .of the 
catalyst. It is therefore important that 

50 the catalyst should be uniformly dispersed 
throughout our resin. When the synthetic 
resin is sufficiently fluid the catalyst may 
be dispersed efficiently in a stirred mixer. 
It isj more usually necessary at this* stage 

55 to masticate the catalyst into the resin on 
a mill or in a Banbury type mixer. Others 
auxiliary ingredients, e,g,_ -colouring 
materials, may be incorporated. The syn- 
thetic resin at this stnjge is slightly cross- 

60 linked and is usually in the form of a rub- 
bery crepe. It may be converted into a 
fully cross-linked synthetic rubber as 
hereinafter described. 



Treatment of the synthetic resins with 
a bifunctional reactable compound. 65 

As in the case with dispersions of cata- 
lysts for the production of rubber-like 
materials by catalytic action an important 
feature in controlling the properties of our 
rubber-like product when an intermediate 70 
modified resin is produced, is the control 
of the uniformity of the reaction between 
the synthetic resins of our invention and 

' the modifying reagent. Where the re- 
action mixture is sufficiently fluid the re- 75 
action may be carried out solely in a 
stirred mixer. In other cases the initial 
stage of the reaction may be carried out 
in a stirred mixer but as the reaction pro- 
ceeds the nature of the product changes $0 • 
and in order to keep the product effec- 
tively mixed* so that the reaction can pro- 
ceed to the desired extent, the final stage 
of the mixing should preferably be car- 
ried out on heated rolls or in a mixer of 85 
the Banbury type. The temperature at 
which this reaction is allowed to proceed 

~ - will depend upon the rtype" of compound 
with which the synthetic resin of our in- 
vention is reacted. ' When water is used 90 
the reaction can" be carriediout below 
100° C. e.g. at 80° G\, but we prefer to 
use higiier temperatures of the order of 
120 — 160"' C. and when the material is 
further reacted under masticating condi- 95 
tions we prefer this further reaction to 
be at 103°— 140° €. The reaction with 
steam is similarly preferably carried out 
at temperatures from 12O-—160 0 C. fol- 
lowed, if desired, by mastication at, for 100 
example, 103°— 140° C. With diamines, 
dicarboxylio acids-and amino acids on the 
other hand, it is preferred that the syn- 
thetic resin should be cooled before the 
reaction is allowed to begin in order to 105 
allow: thorough mixing of the ingredients 
before further reaction at the " higher 
temperatures. — 

The synthetic resin may be modified by 
adding the reactant, e.g. water, in a suit- 110 
able mixing. vj&ssel r or mastication, or in 
the case of steam and ammonia it may be 
blown on to the surface of the product. 

Compounds having two groups each 
reactable with the isocyanate group. and* It}* 
which may be reacted wij^the^ynflie tic- 
resin -of our invenJaoif*'lhclude J glycols, 
diami^e^raving primary or secondary 
amino groups, dicarboxylic acids, 

"hydroxy amines, hydroxy acids and. 1-20- - 
amino acids. Suitable compounds are, for 
example, ethylene glycol, 1 : 3 propane 
diol, 1 :4 butane diol, ethylene diamine, 
trimethylene diamine, tetramethylene di- 
amine, m-phenylene diamine, naphthyl- 125 
ene diamines, tolylene 3.4 diamine, 
aminobenzyl aniline, amino - diphenyl- 
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amine 2-ainino ethyl alcohol, 2-amino 1 
naphttol, m-aminoplienol, glycollic acid, 
o-hydroxy-propionic acid, aanino acetic 
acid and* amino benzoic acid. The bi- 
5 functional compound used should pre- 
ferably have a relatively low melting 
point, e.jr. below 150° C. for ease of mix- 
insr. 

The choice of compounds best suited 
10 for modifying our synthetic resins prior 
to vulcanisation depends upon the reac- 
tivity of the isocyanates used in the pre- 
paration of the resins. Thus, if the rela- 
tively unreactive aliphatic isocyanates 
15 are used, the modifying reagent should be 
a compound resulting in the formation of 
reactive groups, e.g. water, ammonia, an 
amino or carboxylic acid in order that 
the vulcanisation should be reasonably 
20 rapid, or if one of the less reactive modi- 
fying reagents is to be used, e.g. 1,4- 
butane diol, it is best used in conjunction 
with a basic catalyst. On the other hand, 
ihe tendency to reaction between the syn- 
2< thetic resin and the modifying reagent 
should not be so great that the rapid 
vulcanisation which results prevents 
their iutimute admixing; Thus, Wi±en an 
aromatic diisocyanate is used in the pro- 
30 duction of the synthetic resin, a reactive 
modifying reagent, such as an aliphatic 
diamine, is normally not suitable and, it 
an aromatic diamine is used as modifying 
reagent for such a resin, it should be one 
a< having hindering groups in the nucleus 
e^ 3,3 l dichlorobenzidine, if ease and 
uniformity of mixing is to be effected. 

The physical properties of the rubber- 
like product which may be obtained de- 
40 pends upon the nature of the synthetic 
resin of our invention and the nature and 
particularly the amount of the reactant 
with which it is reacted, for Which only 
an amount of reactant sufficient to bring 
45 about poly-addition between a proportion 
of the terminal isocyanate .groups is re- 
quired. Excess of the reactant should be 
avoided because it has a degrading effect 
on the physical properties of our final 
50 cured rubber-like material. The amount 
of reactant used is, in fact, best judged by 
observing the change in a physical 
property of the rubber -like product. 
When the reactant to be used is not vola- 
55 tile at the reaction conditions, and the 
amount required has been determined by 
trial, it may then be added to the syn- 
thetic resin of our invention in weighed 
amount. In the case of water, the water 
60 may be added in the form of a hydrated 
salt, e.g. as sodium sulphato decahydrate. 
When losses of the reactant occur, e.g. 
because of volatility in the case of steam, 
special process control to ensure correct 
65 addition is required. Interreaction be- 



tween the reactant molecules, e.g. in the 
casie of glycols-, may also make special 
process control necessary. When water is 
used the amount is normally between 0.4 
and 1.5% by weight of the material be- 70 
ing treated. 

Eubber-like materials and intermediates 
for their production. 

Our synthetic resin whether containing 
a catalyst or whether reacted with bif unc- 75 
tional compound ; is normally moulded as 
a crepe or cast into a form required. It 
may, however, also be converted into the 
form of ribbon, film, sheets, fibres, fila- 
ments and, solutions or dispersions for 80 
coating and impregnation. The produc- 
tion of a moulded rubber-like material is 
best achieved by heating the partially 
cross-linked crepe to a elevated tempera- 
ture of, for example, 140—170° C. for a 85 
period of, for example, 10—30' minutes if 
necessary at a pressure of the order of 
0.5 to 1 ton/square inch. The casting pro- 
cess may be carried out by pouring the 
synthetic resin containing a catalyst or 90 
the synthetic resin afer reaction with a 
Afunctional compound, preferably in the 
substantially linear condition, and if 
necessary at an elevated temperature, into 
an open mould and heating without pres- 95 
sure. Also, where our synthetic resin 
has been reacted with a compound, e.g. 
water or steam, which gives rise to the 
evolution of a gas during the reaction, an 
expanded rubber-like material may be 100 
obtained by heating the reaction product 
in a suitable mould. The formation of the 
rubber-like material may be speeded up or 
carried out at a lower temperature by in- 
corporating into the product obtained by 105 
reacting our synthetic resin with a bi- 
functionai compound a suitable catalyst, 
e.g. an inorganic or an organic basic 
compound as hereinbefore described. 
When the Afunctional compound used is 110 
a diamine or contains an amino group, 
the use of such a catalyst is not normally 
necessary. 

At any stage before the final heating 
step, ancillary ingredients such as, for 115 
example, fillers, plasticisers, extenders, 
pigments, or other materials may be in- 
corporated in the material. 

Preparation of a composition comprising 
the synthetic resin and a polyhydroxy 120 
compound and its conversion to a rub- 
ber-like material. 

Compositions comprising a poly- 
hydroxy compound and the synthetic 
resin of our invention are prepared by 125 
mixing the required amount of the poly- 
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hydroxy compound into the -synthetic 
resin -until a homogeneous product is ob- 
tained. Any polyhydroxy compound hav- 
ing 1 three or more primary and/ or second- 
5 ary alcohol groups are suitable though 
compounds with melting points less than 
150° C. are preferred as they are mixed 
with the resins easily. Examples of such 
compounds are glycerol, pentaerythritol, 

10 trihydroxy tertiary butane, trimethylol 
propane, trimethylol ethane and 1,2,4 
butane triol or Novolak resins of low- 
molecular weight. Mixtures of such com- 
pounds may be used. • — - - -- 

15 For ease of working it is usually found 
convenient to mix tie polyhydroxy com- 
pound into the hot -synthetic resin im- 
mediately after it has been prepared. 
Where, however, it is not intended to 

20 convert our composition into a rubber- 
like material immediately after its pre- 
paration it should be cooled to room tem- 
perature or below. The relative amounts 
of the polyhydroxy compound and the 

25 synthetic resin are preferably such that 
the -hydroxy!, groups and terminal iso- 
eyanate groups are present in substan- 
tially equivalent amounts. -The amount of 
polyhydroxy compound required for this 

39 purpose will therefore depend upon the 
molecular weight of the linear synthetic 
resin. We prefer to avoid an excess of . 
hydroxy! groups- over the isocyanate 
groups because such hydroxyl groups 

35 take no part in the cross-linking process 
and are therefore redundant. There is no 
such objection to the presence of a small 
excess of isor.yanate groups.- . 

The composition " of our invention 

40 is preferably used for moulding purposes 
within a comparatively short time of its 
preparation. The reaction between the 
polyhydroxy compound and the syn- 
thetic resin can be retarded to a certain 

45 extent by cooling to a low. temperature, 
but the composition should preferably be 
kept not more than a few hours before be- 
ing subjected to the moulding operation. 
Our composition is normally moulded 

50 as a crepe or cast into a form required. It 
may, however, also be converted into the- 
form of ribbon, film, sheets, nbrjes r -fila- 
ments, and solutions or dispersions, for 
coatings and impregnation. Our compo- 

55 sition may be moulded or cast by the 
methods describe^ hereinbefore. "" 

At any stage before the final Seating 
step, ancillary ingredients such as, for 
example, fillers, plasticisers, extenders, 

60 pigments or .other materials, may be in- 
corporated in the material. 

Our invention is illustrated but not 
limited by the following examples in 
which the parts are giveji by weight.. 
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200 parts of tetrahydrofurane main- 
tained at 0—10° C, were mixed with 10 
parts of fiuorosulphonic acid. The mix- 
ture, was maintained at about 20° C. for 
two-days and was then boiled with water. 70 
The top layer was removed and boiled 
with successive amounts of water to re- 
move the catalyst, until the acid number 
was reduced to 4 or less, that is to say, 
the residual acidity was equivalent to less 75 
than 4 milligrams of potassium hydroxide 
per gram of polymer. Sufficient triethyl- 
amine was then added to remove the re- 
maining acidity and the polymer was 
dried by azeotropic distillation with go 
benzene, the residual benzene being dis- 
tilled off. The polymer was dried by blow- 
ing dry nitrogen through it at 120° C. 
The polyether so obtained had an average 
molecular weight of 2,000. 85 

1O0 parts of the dry polyether were 
mixed with 15 parts of hexamethylene di- 
isocyanate atl40° C. in a, heate d Brid ge 
mixer for a period of 30 minutes. The re- 
action product was cooled and the some- 90 
what rubbery product was broken up. -50 
parts of this product were placed in a 
cold positive mould and moistened with 
1£ parts of water. The mould was heated 
-to 160 0 C. and closed under a pressure of 95 
0.5 tons/square inch for 30 minutes. The 
moulded material in the form of a disc 
was removed from the mould and was 
found to be highly transparent and to 
have a tensile strength of 1,400 lb. / square 100 
inch and an extension .ail break, of 700% . 
EXAMPLE II. 

Tetrahydrofurane was polymerised in a 
manner similar to that described in Ex- 
ample I but using 6 parts of catalyst, and 105 
the polyether so obtained had a moleculaT 
weight of .1,600. 100 parts of the dry poly- 
ether were mixed with 12.5=parts of toly- 
lenediisocyanate ~ : in- a " ! ' Bridge mixer 
heated to' 140° C. for a period of 30 110 
minutes. 0> $5 parts of tolylene diamine 
were=addeil and after 40 minutes further - 
mixing the reaction product was trans- 
ferred to a two roll mill, the rolls of 
which were maintained at 103° C. and 115 
llO^Pf -respectively "to form a uniform 
crepe. The product was then moulded into 
the form of a disc in a* mould heated to 
140° C. under a pressure of 0.5 tons/ 
square inch for 15 . minutes. A tough rub- 120 
bery material was obtained. 

\ . .EXAMPLE III. 

. 200 parts of tetrahydrofurane a ,were* 
polymerised by the method "described in 
Example I except that 15 parts of fluoro- 125 
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sulphonic acid were used. The poly ether 
so obtained had a molecular weight of 
1,400. 100 parts of the dry polyether were 
mixed with 15 parts of tolylene dnso- 
cyanate at 140° C. for 30 minutes. 

(a) 20 parts of the product were mixed 
with 0.1 parts of triethylainine at 140° 
(J. and the mixture was quickly poured in- 
to a flat mould so that it formed a thm 
layer in the mould. The mould was then 
maintained at 110° C. for 16 hours. The 
product was stripped from the mould and 
was u pale brown transparent tough rub- 
ber. 

(b) A second 20 parts of the product 
were mixed with 0.26 parts of 1 :4 butane 
diol. The mixture was heated to 140° C 
aud poured into a flat mould which was 
then heated at 110' C. for 16 hours. At 

. the end of this time the product was strip- 
ped from the mould and it was a pale 
brown transparent tough rubber. 

EXAMPLE IV. 



25 



30 



35 



40 



45 



50 



55 



60 



200 parts of tetrahydrofurane were 
polym^TjaPfl hv th e method descri bed in 
Example I except that 8 parts of fluoro- 
sulphonic acid were used as catalyst. The 
polyether so obtained had a molecular 
weight of 3,300. 50 parts of the dry poly- 
ether were mixed with 475 parts of 
naphthalene 1,5 diisocyanate at 150 C. 
in a Bridge mixer for 5 minutes. 0.1 parts, 
of sodium methoxide were added and the 
mixing was continued for 30 minutes. The 
product was placed in a mould heated to 
140° C. and subjected to a pressure of 
0.5 tons/ square inch for 20 minutes. 
After removal from the mould the 
moulded sheet was heated at 80° O. for 
16 hours. The product was a tough abra- 
sion resistant rubber having a tensile 
strength of 4,000 lb. /square inch, an ex- 
tension at break of 720% and a tear resis- 
tance of 680 lb. /square inch. 

EXAMPLE V. 



EXAMPLE VI. 

200 parts of tetrahydrofurane were 
polymerised as in Example I except that 

7 parts of fluorosulphonic acid were used. 
The polyether so obtained had a mole- 
cular weight of 3,800. 100 parts of the 
dry polyether were heated to 150° C. with 

8 parts of naphthalene 1,5 diisocyanate 
and mixed in a Bridge mixer for 5 
minutes. At the end of this time 0.2- parts 
of sodium methoxide were added and 
mixing continued for a further 30 
minutes. The product was transferred to 
a two roll mill the rolls being maintained 
at 110° C. and 103° C. respectively to 
produce a uniform crepe. 20 parts of the 
crepe were moulded in the form of a flat 
sheet in a mould heated to 150° C. under 
a pressure of 0.5 tons/square inch. The 
sheet was removed from the mould and 
heated at 80° C. for 16 hours. The 
moulded sheet so obtained was a tough 
abrasion resistant rubber which had a 
tensile strength of 2,000 lb. /square inch. 

EXAMPLE YIL 



200 parts of tetrahydrofurane were 
polymerised exactly as in Example 4 and 
100 parts of the product were reacted 
with 9.5 parts of naphthalene 1,5 diiso- 
cyanate at 150° C. in a stirred mixer for 
5 minutes. At the end of this time 0.5 
parts of tri-n-amylamine were added. The 
mixture was immediately poured into a 
flat mould to form a thm layer in the 
mould, and was then maintained at 80° 
C. for 2 days. At the end of thia time the 
product which was stripped from the 
mould was a transparent sheet of rubber 
having a tensile strength of 1850 lb./ 
square inch and an extension at break of 
730%. 
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Tetrahydrofurane was polymerised ex- 
actly as in Example VI and 100 parts of. 
the dry polyether were heated to 150° G. 
with 8 parts of naphthalene 1,5 diisocya- 
nate for 5 minutes. 0.5 parts of tri-n- 
amylamine were mixed in and the mix- 
ture was poured into a flat mould to form 
a thin layer and then maintained at 80° 
G. for 2 days. The product was a tough 
pale brown transparent sheet of rubber 
which had a tensile strength of 2,100 
lb. /square inch. 

EXAMPLE VIII. 



100 parts of polytrimethylene oxide of 
average molecular weight 8,400 were 
mixed with 9 parts of naphthalene 1,5 di- 
isocyanate in a heated Bridge mixer 
maintained at 150° G., for 5-minutes. 0.2 
parts of barium hydroxide were added 
and the mixing continued for 30 minutes. 
The product was placed in a mould and 
heated to 140° C. under a pressure of 0.5 
tons/ square inch for a period of 20 
minutes. The moulded material was re- 
moved from the mould and maintained at 
80° C. for 16 hours. A tough abrasion 
resistant rubber was obtained. 

EXAMPLE IX. 
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95 



100 



105 



110 



100 parts of polytetrahydrofurane of 115 
average molecular weight 1,600 were 
mixed with 14.5 parts of naphthalene 
1,5 diisocyanate in a heated Bridge 
mixer at 130° G.— 14)0° 0. for 15 minutes. 
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0.65 parts of glycerol were then, added 
and mixing* continued for 35- minutes. 
The product was transferred from the 
mixer to . a two roll mill, the rolls of 

5 which were maintained at 110* 0. and 
103° CI respectively, for 10 minutes. The 
crepe was removed, from the mill and 
moulded into the form of a sheet in a 
mould heated to 140° C. and. under a pres- 

10 sure of 0.5 tons/ square inch for 15 
minutes. A transparent rubher was ob» 
tained whic h was heat treated at 80° C. 
for 15 hours. The final product had a ten- 
sile strength of 2,400 lb. /square inch, an 

15 extension at break of 620%, and. a very 
. low permanent set. 

EXAMPLE X. 



20 



A tough abrasion resistant rubber was 60 
obtained. 

EXAMPLE XIII. 



The process described in Example. IX 
was repeated using parts of 1,0,4 
butane triol in place of 0.65 parts of 
glycerol. The final product was a. strong 
transparent rubber:^ 

EXAMPLE XI.— w 



100 parts of poly * methyl trimethylene 
oxide of average molecular weight 8,000 
were mixed with 5.25 parts of naphtha- 65 
lene 1,5 diisocyanate in a heated Bridge 
mixer at 140° G.:for 15 minutes. 0.15 
parts of sodium methoxide were added 
and the mixing continued, for 30 minutes. 
The product was transferred to a two roll 70 
mill, the rolls of which were heated to 
103-° and 110° O. respectively, for 10 
minutes to obtain a uniform crepe. The 
crepe was removed from the mill and 
moulded into the form of a sheet in a 75 
mould heated to 140° C. and under a pres- 
sure of 0.5 tons per square inch. The sheet 
was removed from, the mould and main- 
tained at 80° -C. - for 15 hours. The final 
product was a tough abrasion resistant 80 
rubber. 

EXAMPLE XIY. 



100 parts of polytetrahyd-rofurane of 

25 average molecular* weight 4,000 were 
mixed with 8 parts of naphthalene 1,5 
diisocyanate in a heated Bridge mixer at 
130* C — 140° C. for . 15 minutes.. 0.25 
parts of glycerol were then added and the 

30 mixing continued for 35 minutes. The 
product was transferred from the mixer 
to a two roll mill, the rolls of which were 
maintained at 110° O. and 103° C respec- 
tively, for 10 minutes. The. crepe was re- 

35 moved from the mill and moulded into the 
form of a sheet in a mould heated -to 
140° C. and under a pressure of 0.5 tons/ 
square inch for 15 minutes. The sheet was 
removed from ..thfi--mou^ld-and:jaiaintained 

40 at 80 a " C.-for 15 hours. The final^pfodifctr 
was a tough transparent rubber. 

EXAMPLE XII. 



100 parts of polytetrahydrofurane of 
average molecular weight 1,600 were 

45 mixed with 16 parts of naphthalene 1,5 
diisocyanate in a heated Bridge mixer at 
150° C. for 30 minutes. 0.24 parts_.oi 
sodium sulphate decahydrate which~were 
equivalent to 0.13 parts of water were 

50 stirred in and stirring continued for.-one- 
hour. The product was then" franif erred 
to a two roll mill, the rolls of which were 
heated to 110° 0. and 103° C. respec- 
tively, to form: a uniform crepe. The 

55 crepe was then pressed into a sheet in a 
mould heated to 140° O. under a pressure 
of 0.5 tons per square inch for 15 minutes. 
The sheet was removed from the mould 
and maintained at 80° G. for 15 hours. 



HO.(R.O) a .R.OH 



35 
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100 parts of poiytetrahydrofuTane of 
average molecular weight 6,000 were 
" -mixed with 6.5 parts of naphthalene di- 
isocyanate in a heated Bridge mixer at 
140 C. for 5 minutes. 0.2 parts-of sodium 
methoxide were added, and the mixing 
continued for 30 minutes. The product 
was transferred to a two roll mill, the rolls 
. of which were heated to 103° and 110" C. 
respectively, for 10 minutes to obtain a 
uniform crepe. The crepe was removed 
from the" mill and moulded into the form 
of a -sheet i B a mould heated to 140°. C. and 
under a pressure of 0.5 tons per .square - ^ 
inch for 15 minutes. Jhe sheet was re- 
moved from the mould and maintained at 
80° O, for 15 hours. 

A tough abrasion resistant rubber was 100 
--obtained. ^ 

What we" claim is: — 

1. A process for the production of a 
synthetic resin which comprises reacting 
under substantially anhydrous conditions 
an excess of one or more bifunctional iso- 
cyanates with one or jmQr£_.. linear -poly- 
ethers having^the"formula 



105 



in which the various embodiments of R 110 
' are divalent aliphatic radicals and may 
be the same or different, and a is tm in- 
teger the average value of which is such 
that the average molecular weight of the 
polyether is greater than 1,000.. .115 

2. A process according to claim 1 in 
which consecutive oxygen atoms in the 
polyether are separated by chains of not 
more than fomfcarbon atoms. 

3. A process according to claim 2 in 120 
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which the poiyether is polytetrapethy- 
lene oxide or pplytrimethylene oxide. 

4. A process according to any of the 
preceding claims in which the bifunc- 

5 tional isoeyanate is naphthylene 1,5 diiso- 
cyanate or hexamethylene diisocyanate, 
or tolylene-2,4-diisocyanate. 

5. A process accoring to any of the 
preceding claims in which the polyether 

.0 and Afunctional isoeyanate are reacted 
together at an elevated temperature, pre- 
ferably at between 120° C. and 160° C. 

6. A process according to any of the 
preceding claims- in which the weight of 

15 water present is not greater than 0.1 % of 
the weight of the reaction mixture. 

7. A process according to any of the 
preceding claims in which the polyether is 
free from acid. 

20 8. A process according to claim 7, in 
which the polyether is rendered free from 
acid by the addition of a basic substance. 

9. A process according to claim 8, in 
which the basic substance is a tertiary or- 
25 ganic base. 

It). A process according to claim 9 in 
which the basic substance is trimethyl- 



55 



70 



amine. 

11. A process according to any of the 
preceding claims in which the average 30 
molecular weight of the polyether is 
greater than 1,400. 

12. A process according to any of the 
preceding claims in which the average 
molecular weight of the polyether is less 35 
than 5,000 and the amount of bifunc- 
tional isoeyanate is less than 2 moles per 
moles of polyether. 

13. A process according to any ot 
claims 1 to 11, in which the polyether has 40 
an average molecular weight not less than 
5,000, preferably not less than 7,000, 
and in which the amount of Afunctional 
isoeyanate is not less than 2 moles per 
mole of polyether. 4 * 

]Af. A process according to claim 13 m 
which the amount of Afunctional iso- 
eyanate is from 3 to 2.6 moles per mole of 
polyether. 

15. A synthetic resin produced accord- 50 
ing to any of the processes of the pre- 
ceding claims. 

16. A synthetic resin represented by 
the formula: — 



0=CNX[NH-C^-0--(R.O)*- O — NH — X] b — NC=0 



in which the various embodiments of It 
are divalent aliphatic hydrocarbon radi- 
cals and may be the same or different the 
various embodiments of x are divalent 

60 organic radicals and may be the same or 
different, a and b are integers and the 
average value of a is sueli that the 
» average molecular weight of J±U(KU; a -n. 
is greater than 1,000. 

65 17. A synthetic resiii according to 
claim 10 in which R is — 

— CH a .CH 3 .0H 3 — . 

18. A synthetic resin according to 
claim LG in which R is 



-0H,.0H a .CH 3 .CH 2 — . 



19. A synthetic resin according to any 
of claims 16 to 18 in which the average 
valne of a is such that the average mole- 
cular weight of HO(RO)aH is greater. 

7$ than 1400. ± 

20. A synthetic resin according to any 
of claims 16 to 19 in which the average 
value of b is such that the synthetic resin 
has an average molecular weight of at 

80 least 2000. , 

21. A synthetic Tesin according to any 
of claims 16 to 20 in which the average 
value of a is such that the average mole- 



cular weight of HO(RO)aH is less than 
5000 and the value of b in the majority 85 
of the molecules is 2 or more. 

22. A synthetic resin according to any 
of claims 16 to 20 in which the average 
value of a is such that tlie average mole- 
cular weight of HO(RO) a H is g^er 90 
than 5000, preferably greater than 7,000, 
and the valne of b in the majority of the 
molecules is one. 

23. A synthetic resin according to any 
of claims 16* to 22 in which some or ail 
of the embodiments of X are divalent 
aromatic radicals". - 

24. A synthetic resin according to 
claim 23 in which some or all of the 
embodiments of X are phenylene radicals. 1UU 

25. A syirthefcic resin according to 
claim 23J in which some or all of the em- 
bodiments of X are tolylene radicals. 

26. A synthetic resin according to 
claim m in which some or all of the 105 
embodiments of X are naphthylene 
radicals. 

27. A synthetic resin according to any 
of claims 16 to 22 in which some or all of 

the embodiments of X are divalent ali^ 110 
phatic radicals. 

28. A synthetic resin according to 
claim 27 in which some or all of the 
embodiments of X are alkylene radicals. 

29. A synthetic resin according to 115 
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claim 28 in which some or all of. - the 
embodiments of X are - . - 

— C^ 2 .CH 2 .0H 2 .OT 3 .CH 2 .0il a ^ • 

radicals. ;. " . 

5 30. A modification of a synthetic -resin 
according to any of claims- 15 to -29 in 
which, some of the resin chains are 
- chemically linked together but in which 
this linking is so limited that the resin is 

!0 still capable of beng moulded. 

31. The production of a rubber like 
material by a process which comprises 
heating a synthetic resin according to 
any of claims 15 to 30 in the presence of 

15 a basic catalyst. 

32-. A process according to claim 31 
wherein the catalyst is an inorganic basic- 
compound. 

33. A process according to claim 31 
20 wherein the catalyst is an organic tertiary 

base. 

34. A process according to claim 31 
wherein the catalyst is an alkoxide, 

-35. A process- according to. any of 

25 claims 31 to 34 in which the weight of 
catalyst "used ia from 0.05 to 0.5% of the 
weight of the synthetic resin. 

36. The modification of a synthetic 
resin according to any of claims L5» to 30 

30 by reacting said,- resin with water, steam, 
or ammonia, the reaction being con- 
tinued, if desired, until a rubber-like 
material is produced, the water if desired 
being in the form of a hydrated salt. 

35 37.- The modification of . a synthetic 
resin according to any of claimsJo^to 30 
by reacting* said resin with at least- on© 
compound having two groups reactable 
with the isocyanate group, the reaction 

40 being? continued, if desired, until a 
rubber-like material is produced. 

38. A process according to claimJIJl. in.- 
which said compound is^g]ycolr"~ 

39. A process according* to claim 37 in 
45 which said compound is a diamine. 

40. A proce'ss according to any of 
claims 3i0 to 39 in which' said compound 
or the water, steam or ammonia is present 
to an extent sufficient to bring about poly- 

50 addition between only a proportion of the 
isocyanate groups. - . 

41. A process according to any of 
claims 36 to 40, in which the synthetie-- 
resin is reacted with said GOifipound, 

55 water, steam or ammonia, *tf't a tempera- 
ture from 120 to 160° <?. 

42. Modified synthetic resins, whenever 
prepared by a process claimed in any of 
claims 36 to 41. 

60 43*. Modified synthetic resins whenever 
prepared by processes described herein. 

44. The production of a rubber-like 
material by a process which comprises 



subjecting to heat or catalytic action a 
modified- synthetic .resin according, to any 65 
of- claims 42, 43 ? 59 and 60;. ;-■ 
. ; -4&. A composition comprising.. a syn- 
thetic resin according to any of claims 15 
tcr 3p and a polyhydroxy compound con- 
taining at least three hydroxyl groups. 70 

46. A composition according to - claim 
45_in which the'-proportipns of . the. syn- 
thetic resin and the polyhydroxy com- 
pound are such that the hydroxyl groups 
and terminal isocyanate groups are pre- 75 
sent in substantially equivalent amount^, 
with if desired, a slight excess of iso- 
cyanate groups over hydroxyl groups. 

47. The production of a rubber-like 
material by a process which comprises 80 
subjecting to heat or catalytic action a 
composition according' to any of claims 

45, 46 and 6a. 

48. A process for the production of a 
rubber-like material according to any of 85 
claims 31 to 35 or claim 44 or claim 47, 
which comprises, pouring the synthetic 
resin, modified syutheiic resin or com- 
posit ion in the_fluid state into an open 
mould and subjecting it to an elevated 9G 
temperature under atmospheric pressure. 

49. A process for the prod\iction of a 
rubber-like material and according to any 
of claims 3*1 to 35 or claim 44 or claim 

47, which comprises introducing the syn- 95 
thetic resin, modified synthetic resin or 
composition into a mould and subjecting 
it to an elevated temperature when under 
the influence of pressure. 

60. Rubber-like materials when pre- 100 
pared by a process claimed in either of 
claims 48 and 49. 

51. Synthetic resins whenever prepared 
by processes described herein. 

52. Rubber-like materials whenever 105 
prepared by processes- described herein. 

5a. Rubbef-IiFe materials comprising 
"palyetheT chains chemically linked 
together by residues of at least one bi- 
functional isocyanate and 7 or derivatives 110 
thereof, wherein the polyether chains 
each, have the formula — R.(0.R.) a — in 
which the various embodiments of R are 
divalent aliphatic hydrocarbon radicals 
and may be the same. or different, and a 115 
is an integer the average value of which 
is such that tjhe average molecular weight 
. of HP^r(0^fe;OH is at least 1,000. 
-.—^54. Rubber-like materials according to 
claim 53- wherein the polyether chains are 120 
polytrimetliylene oxide chains. 

55. Rubber-like materials according to 
claim 53" wherein the polyether chains ure 
polytetramethylene oxide chains. 

56. Shaped articles comprising rubber- 125 
like materials claimed in anv of claims 

53 to 55. ".. 

57. Shaped articles produced by the 
process of either of claims 48 and 48. 
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58. Shaped articles whenever produced 
by a process described hereinbefore. 

59. Modified synthetic resins substan- 
tially as described in Examples I, 111(b) 

5 and XII. _ 

(30. A modified synthetic resin substan- 
tially as described in Example II. 

51. Synthetic resins substantially as 
described in the Examples I to XII. 
t© 62-. Synthetic resins substantially as 
described in Examples XIII and XIV. 

6S. A composition comprising- a syn- 
thetic resin and a poly hydroxy compound 
substantially as described herein. 
15 G4. Compositions comprising- a syn- 
thetic resin and a polyhydroxy compound 
substantially as described in Examples 
IX, X and XI. 

65. Eubber-like materials substan- 



tially as described in Examples I, 111(b) 20 
and XII. . , t 

66. A rubber-like material substan- 
tially as described in Example II. 

67. Rubber-like materials substan- 
tially as described in Examples Ilia, and 25 
IV to VIII. 

68. Eubber-like materials substan- 
tially as described in Examples IX,. X, 
XI, XIII and XIV. . 

69. Rubber-like materials . when pre- 30 
pared by a process claimed in any -pf 
claims> 31 to 35. 

70. Rubber-like materials when pre- 
pared by a process claimed in claim 44. 

71. Rubber-like materials when pre- 35 
pared by a process claimed in claim 47. 

WALTER SCOTT, 
Agent for the Applicants. 



PROVISIONAL SPECIFICATION 
No. 9207 A.D. 195& 

New Synthetic Resins Derived from Linear Aliphatic Polyethers 
and Bifunctional Isocyanates and Rubber-Like Materials 
derived therefrom 



We, Imperial Chemical Industries 
Limited, of Imperial Chemical House, 
Millbank, London, S.W.I, a British 
40 Company do hereby declare this invention 
to be described in the following state- 
ment : — 

This invention relates to new synthetic 
renins, which can be converted into 

45 rubber-like materials and to rubber-like 
materials produced therefrom. 

By the term rubber-like as -used 
throughout this specification we mean 
having physical properties similar to 

50 those of vulcanised natural rubber. 

According to the present invention we 
provide a linear synthetic resin having 
polyether chains linked by urethane 
groups and having terminal isocyanate 

55 groups, by a process which comprises 
eyauates with one or more linear poly- 
ethers having terminal hydroxy! groups 
under substantially anhydrous conditions 
and thereafter subjecting- the product of 

60 the reaction to treatment with water or 
steam. We have found that a rubber-like- 
material having an outstanding combina- 
tion of resistance to abrasion, resistance 
to hydro lytic degradation and resistance 

65 to swelling by aliphatic and aromatic 
hydrocarbons may be produced by sub- 
jecting this linear synthetic resin to an 
elevated temperature. 

Suitable diisocyanates which may be 

70 used are for example, hexamethylene di- 
isocyanate; 2 - nitrodiphenylene - 4, 4 1 - 
diisocyanate; 2 - nitrodiphenylmethane- 



4,4* - diisocyanate; napiithylene - 1,4- 
diisocyanate; naphthylene - 1 - 5 - diiso- 
cyanate; napiithylene - 2,7-diisocyanate; 75 
nuorene - diisocyanate; chrysene-diiso- 
cyanate; 1 - chlorophenylene-2,4-diiso- 
cyanate; tolylene-2,4-diisocyanate; di- 
cyclohexylmethane - 4,4 l - diisocyanate, 
di - para-xylylmethane^^-diisocyanate; 80 
diphenylene^^-diisooyanate and 4,4*- 
cyclohexylphenyl diisocyanate. Suitable 
mixtures' of any ot these compounds iririjr 
be used. 

The polyether reagents may contain a 85 
minor proportion of other linear Com- 
pounds having- terminal groups which are 
reactable with diisocyanates, such as, Jor f % 
example glycols. 

Suitable linear polyethers include for 90 
example, those prepared by the poly- 
merisation or co-polymerisation of ethyl- 
ene oxide, propylene oxide, trimethylene 
oxide tetrahydrofurane, dioxanes, and 
dioxolanes ; polycondensation products of 95 
glycols; and derivatives of any of these 
compounds. Such polyethers may be pre- 
pared by any suitable known method, for 
example, ethylene oxide may be poly- 
merised by the action: of- watery .glycol, 100 
acetic anhydride or caustic- soda.. Tetra- 
hydrofurane may be pblyiiieiised by the 
action of catalytic amounts of fluoro- 
sulphonic acid, or boron trifluoride aud 
ethylene oxide or propylene oxide, 105 
followed by treatment with water. 

The preferred average molecular 
weight range for the polyether is 1,400 to 
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15,000 and especially the range 1,400 to 
5,000. 

Defending upon the method of pre- 
paration, the polyether may have ter- 
5 minal groups which are not reactable 
with the diisocyanates. In such circum- 
stances the non-reactable terminal gToup 
may be replaced by the reactable hy- 
droxy! groups ]>y known methods. 

10 In carrying out the process of. our 
invention the polyether ist reacted .with 
the diisocyanate preferably at an 
elevated temperature such as lor example 
100—140° O. This enables the reaction 

15 to be completed rapidly, usually within 
a matter of a few ininutes. The reaction 
must be carried oxit under -substantially 
anhydrous conditions, that is to say, 
\vater must be excluded to ; a . sufficient 

20 extent that the reaction proceeds mainly 
between the polyether hydroxyl groups 
and the isocyanate groups. We have 
found that the reaction proceeds satisfac- 
torily provided the water content of the 

25 reaction mixture does' not exceed about 
0.02%. The polyether is_ jmost con- 
veniently ^ne^~before'caaiying out the 
reaction by melting in a current of a 
dry inert gas> nitrogen or carbon 

30 dioxide, preferably at an elevated tem- 
perature, e.g. 120° 0. and if "desired 
under reduced pressure. 

A sufficient excess of diisocyanate or 
mixture of these shoulibe used to ensure 

35 that, the reaction product has terminal 
isocyanate groups. The ratio of our re- 
agents and their molecular weights and 
their structures also, control the rheo- 
logical properties of our "products.^ The. 

40 amount of diisocyanate or mixture" "of- 
these required will depend upon "these 
factors and particularly \iseful amounts 
of diisocyanate or mixtures of these are 
1.2 to 2 moles per mole -of polyether. 

45 The product of this reaction is then 
treated with water or steam Fy passing 
steam into or on to the surface of the 
product or by adding the required 
amount of water. The amount of steam 

50 or water used is the amount which results 



in the required plastic flow or viscosity 
in the prodhiot. For this only an amount 
sufficient to brin^r about condensation 
between a proportion of terminal iso- 
oyanate groups is required. Excess steam 55 
or water should be avoided because it is 
difficult to remove without destroying 
tlie thermoplastic properties of our pro- 
duct. The amount of steaming or of 
water treatment is, in fact, often best 60 
judged by observing . the change in a 
rheological property of the reaction 
product. Amounts of water used are 
normally between 0.4 and 1.5% by 
weight of the material being treated. 65 

An important feature in controlling 
the rheological properties o£ our product 
is the control of the uniformity of the 
steaming or water treatment reaction 
step. Normal means of mixing and tern- 70 
peraiture control may be used: for this 
purpose. 

The reaction product, is conveniently 
converted into the form of chips, ribbon, 
film, sheets, fibres, filaments, solutions or 75 
dispersions. the_chips -being particularly 
suitable for moulding into articles, and 
solutions, and dispersions for coatings 
and impregnation. 

The linear synthetic resin of our 80 
invention may be converted into a 
rubber-like material by heating to an 
elevated temperature of, for example. 
150—170° O. for a period of, for example 
10 — 15 minutes. The formation of the 85 
rubber-like material may be speedejj.np 
by incorporating into Jihe=- linear syn- 
thetic resin a suitable Catalyst such as 
jigr ^ examp]e. an" organic basic compound, 
"e.g. pyridine. 90 

At any stage before the final heating 
step, ancillary ingredients such as for 
example, fillers, plasticisers, extenders, 
pigments or other materials, may be in- 
corporated in. the material in order to 95 
affect the properties of the rubber-like 
material in . some desired manner. 

WALTEE SCOTT"; 
Agent for' the Applicants. 



PROVISIONAL SPECIFICATION 
No. 0208 A.D. 1952 

New Synthetic Resins Derived from Linear Aliphatic Polyethers 
and Bifunctional Isocyanates and Rubber-Like Materials 
_ - - derived therefrom 



We, Imperial Chemical Industries 
Limited, of Imperial Chemical House, 
100 Millbank, London, S.W.I a: British This invention relates to new synthetic 

Company do hereby declare tnis invention resins which can be converted into 105 



to be described in the following state- 
ment: — 
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rubber-like materials and to rubber-like^ 
materials produced therefrom. 

By the term rubber-like as used 
throughout this specification we mean 

5 having physical properties similar to 
those of vulcanised natural rubber. 

According to the present invention we 
provide a linear synthetic resin having 
polyether chains linked by urethane 

10 groups and having terminal isocyanate 
groups, by a process which comprises 
reacting an excess of one or more diiso- 
cyanates with one- or more linear poly- 
ethers having terminal hydroxy! groups 

15 under substantially anhydrous conditions 
and thereafter subjecting the product of 
the reaction to treatment with a glycol. 
We have found that a rubber-like 
material having an outstanding conibina- 

20 tion of resistance to abrasion, resistance 
to hydrolytic degradation and resistance 
to swelling by aliphatic and aromatic; 
hydrocarbons may be produced by sub- 
jecting this linear synthetic resin to an 

25 elevated temperature. 

Suitable aiisocyanates which may be 
used are for example, hexamethylene di- 
isocyanato; 2 - nitrodiphenylene - 4, 4 l - 
diisooyanate; 2 - nitrodiphenylmerhnne- 

30 4,4 X - diisocyanate; naphthylene_ - 1,4- 
diisocyanate ; uaphthylene - 1 - d^diiso- 
cyanate; naphthylene - 2,7-diisocyanate ; 
fluorene - diisocyanate; chrysene-diiso- 
cyanate; 1 - chlorophenylene-2,4-diiso- 

35 cyanate; tolylene-2,4-diisocyanate ; d.i- 
cyclobexylmethane - 4,4 1 - diisocyanate, 
di - para-xylylmethane-4,4 l -diis(>cyanate ; 
diphenylene-4,4 '-diisocyanate and 4,4 l - 
cyclohexylphenyl diisocyanate. Suitable 

40 inixturesrof any-of these compounds may 
be used. - • — 

The polyether reagents may contain a" 
minor proportion of other linear com- 
pounds having such terminal groups 

45 which are reaotable with diisocyanates, 
auoh as for example glycols. 

Suitable linear polyethers include for 
example, those' prepared bv the poly- 
merisation or co-polymerisation of ethyl- 

50 cue oxide, propylene oxide, trimethylene 
oxide tetrahydrofurane, dioxanes, and 
dioxoianes; poly-condensation products 
of glycols; polyether acetals; and' &e» 
rivatives of any of these compounds. 

55 Such poiyethers may be .prepared by . any 
sutable known method, for example, 
ethylene-oxide may be polymerised by the 
action of water, glycol, acetic anhydride 
or' caustic soda. . Tetrahydrofurane may 

60 1k> polymerised by the action of catalytic 
amounts of fluorosulphonic acid, or 
boron trifluoride and ethylene oxide or 
propylene "oxide, followed by treatment 
with water. * " • . ■ . • . 

65 The "preferred average molecular 



weight range for the polyether, polythio- 
ether or poiyather-thioether is i,4U0 to 
io,000i and especially the range 1,400 to 
5,000. 

Depending upon the method of pre- jq 
paration, the polyether may have ter- 
minal groups which are not reaotable 
with the diisocyanates. In Buch circum- 
stances the non-reactable terminal group 
may be replaced by hydroxy! groups by 75 
known methods. 

In carrying out the process of our 
invention the polyetlier is reacted with 
the diisocyanate preferably at an ele- 
vated temperature such as for example 80 
100—140° C. This enables the reaction to 
be completed rapidly, usually within a 
matter of a few minutes. The reaction 
must be carried out under substantially 
anhydrous conditions, that is to say, 85 
water must be excluded to a sufficient 
extent that the reaction proceeds mainly 
between the polyether teaminal^ groups 
and the isocyanate groups. We have 
found that the reaction proceeds, sati&f ac^ 90 
torily provided "the water content -of -t-iie 
reaction mixture does not exceed about 
0.02%. The polyether is most con- 
veniently dried before carrying out the 
reaction by molting in a current of a 95 
dry inert gas, e.g. nitrogen or carbon 
dioxide x preferably at an elevated tem- 
perature, e.g. 120° C. and if desired 
under 4 reduced pressure. 

A sufficient excess of diisocyanate or 100 
mixture of these should be used to 
ensure that the reaction product has 
terminal isocyanate groups. The ratio of 
our reagents and their molecular weights 
and their structures also control the 105 
rheological properties of our products. 
The amount of diisocyanate or mixture 
of these required will depend upon these 
factors and particularly useful amounts 
of diisocyanate or mixtures of these are HQ 
1.2 to 2 moles peer mole of polyether. 

The product of this- reaction is then 
treated with a glycol. The amount of 
glycol used is the amount which results 
in the required plastic flow or viscosity 115 
in the product. For this, only an amount 
sufficient to bring about poly-additibn 
between a proportion of terminal iso- 
cyanate groups and the hydroxyl groups 
is required. Excess glycol should be 120 
avoided because it is difficult to remove 
without destroying the thermoplastic 
properties of our product. 

An important feature in controlling 
the rheological properties of our product 125 
is the control of the uniformity of the 
reaction. Normal means of mixing and 
temperature control may be used for this 
purpose. - - t . .- 

The reaction product is conveniently 130 
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converted into the form of .chips-, ribbon, . 
film, sheets, fibres, filaments, solutions 
or dispersions, the chips being: par- 
ticularly suitable for moulding.. into 

5 Articles, and solutions and dispersions. for 
coatings, and impregnation.." . 

The linear - synthetic resin of our in- 
vention may be converted into a "rubber- 
- like material by .heating, ta.aji elevated 

iO temperature of, for. example, 150 — 170° 
C. The formation of tha rubber-like 
material may be speeded nip by incor- 
porating into the. linear synthetic resin 



a suitable catalyst such as for example 
an organic basic compound, e.g. pyri- 15 
dine. 

At any stage before the filial heating 
step, ancillary ingredients such as for 
example, fillersy plastioisers, extenders, 
pigments or other materials, may be in- 20 
corporated in tihe> material in order to 
affect the properties of the rubber-like 
materia] in some desired manner. 

WALTER SCOTT, 
Agent for the Applicants. 



JPROYISiblTAX SPECIFICATION 
~No; -miA A.D. 1952 . 



New Synthetic Resins Derived from Linear Aliphatic Polyethers 
and Bifunctional Isocyanates and Rubber-Like Materials 
derived therefrom 



We, Imperial Chemical - Indttsteies 

?s Limited , of .Imperial Chemical -House, 
. Millbank, London, S.W.I" . a -British 
Company do hereby declare tnis invention 
to be described in the -following state- 
ment : — " * * " - " "*'".' 

30 This invention relates to new synthetic 
resins which can: be converted into 
rubber-like materials * and to -rubber-like 
material? produced therefrom. - - - ■ 
By the term "rubber-lilce as used 

35 throughout this 'specification we mean 
having*, physical properties ' similar to 
those of vulcanised natural rubber. - _ 
According to tthe.present invention we 
provide a linear synthetic^ resin having 

40 polyether chains linked;- by t urethane 
groups and having terminal isocyanate 
groups, by a process which - comprise^ 
reacting an excess of: one or mora jliisO- 
.cyanates with one or more linear -poly- 

45 ethers liaving terminal hydroxy! groups 
under substantially anhjdrous conditions 
and therenfter-Bu^je^n^^the product of 
the reaction to treatment* with -one or 
more compounds each having two groups 

5© each reac table with . isocyanate groups. 
We have found that a rubber-like 
material having- an outstanding combinar 
tion of resistance to abrasion, resistance 
to hydrolytic degradation and resistance 

.55 to swelling- by aliphatic and :' aromatic 
hydrocarbons may be prodiiced" by; sub- 
jecting this linear, synthetic resin : jtft,.;^A" 
elevated temperature. % •>.*-*. 
The polyether reagents" may contain a 

60- minor proportion of other linear .com- 
" ' pounds having terminal groups reaetable 
with diisocyanates, such as for example 
glycols. ■ ..- 

Suitable diisocyanates; which msrjr- be 

$5 used are for example, hexamethyrene- di- 



isocyanato; 2 - nitrodiphenylene - 4, 4'- 
-diisGcyanate; 2- - nitrodiphenyliuebhane- 
4,4* - diisocyanates napiithylene - 1,4- 
diisocyanatef> napiithylene - 1 - o-diiso- 
cyanate; napiithylene - 2,7-diisocyanate; 70 
iiuorene - diisocyanate ; chrysene-diiso- 
cyanate; 1 - ehlorophenylene-2,4-diiso- 
cy ana te ; toly lene-2 , 4-diisocy anate ; di- 
cyclohexylmethane - 4,4* - diisocyanate, .. 
di - para-xylylmetihane^^^diisocyanate; 75 
diphenylene^^-diisooyanate and 4,4*- 
oyolohexylphenyl diisocyanate. Suitable 
mixtures, 1 of any of these compounds may 
be used. 

Suitable linear polyethers include for 80 
example, those prepared by the poly- 
merisation or co-polymerisation of ethyl^.^ 
ene oxide, propyle^oxM^"^m^th^eiie 
cxide^wtetrabyufeTurane, dioxanes r and 
;r ~Uioxoianes; poly-condensation products 85 
of glycols; an£ derivatives of any of 
these compounds. . Such polyethers may 
be. prepared by any suitable known 
method, for example, ethylene oxide may 
be. polymerised by the -action of water, 90 
glycol, acetic anhydride or caustic soda. 
Tetrahydrofurane may be polymerised by 
the action of catalytic amounts of nuoro- 
sulphonic acid, or boron, trifluoride and 
ethylene oxide or propylene oxide, 95 
followed by treatment with water. 

The preferred average molecular 
. .weigbt-rang-e ior>the. polyether is 1,400 
to 15,000 and especially the range 1,40(1 
to o,0Q0. • ioo 

Depending* upon - th& method. of pre-_--""- 
paration, the polyether -may? have* ter- 
minal groups.- which are not reactable 
with r . the diisocyanates- or 1 diisothio- . 
cyanates. In such circumstances the non- 105 
reactable terminal group may be replaced 
by. hydroxyl groups - by Imown " methods. 
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The compound or compounds each hav- 
ing two groups each reactable with iso- 
cyanate or isothiocyanate groups include 
for example diamines having primary or 

5 secondary amino groups, dicarboxylic 
acids, diamides. and amino acids. 

In carrying 1 out the process of our 
invention the poly ether is reacted with 
the diioscyanate preferably at an elevated 

10 temperature such as for example 100 — 
140° C. This enables the reaction to be 
completed 1 rapidly, usually within a 
matter of a few minutes. The reaction 
must be carried out under substantially 

15 anhydrous conditions, that is to say, 
water must be excluded to a sufficient 
extent that the reaction proceeds mainly 
between the poly ether terminal groups 
aud the isocyanate groups. We have 

20 found that the reaction proceeds satisfac- 
torily provided the water content of the 
reaction mixture does not exceed about 
0.02%. The polyether is most con- 
veniently dried before carrying out the 

25 reaction by melting in a current of a dry 
iner>._gas i . .e,gv -nitrogen or -carbon di- 
oxide, preferably at an elevated tempera- 
ture, e.g. 120° C. and if desired under 
reduced pressure. 

30 A sufficient excess of diisocyanate or 
mixture of these should be used to ensure 
vhat the reaction product has terminal 
isocyanate groups. The ratio of our re- 
agents and their molecular weights and 

35 their structures also control the rheo- 
logical properties of our products. The 
amount of diisocyanate or mixture of 
these required .will depend upon these 
factors and particularly useful amounts 

40 of diisocyanate or mixtures of these are 
1.2 to 2 moles per mole of polyether. 

The product of this reaction is then 
treated with a compound or compound* 
each having two groups each react able 

45 with isocyanate groups as hereinbefore 



described. The amount of any one or 
more of these compounds used» is {he 
amount which results in the required 
plastic flow or viscosity in the product. 
Jfor this only an amount sufficient, to 50 
bring about poly-addition between, a pro- 
portion of terminal isocyanate groups and 
the groups reactable therewith in said 
compounds is required, Excess of said 
compounds should be avoided because it 55 
is difficult to remove the excess without 
destroying^ the thermoplastic properties 
of our product. 

An important feature in controlling 
the rheological properties of our product 60 
is the control of the uniformity of the 
reaction. Normal means of mixing and 
temperature control may be used for this 
purpose. 

The reaction product is conveniently 65 
converted into the form of chips, ribbon, 
film, sheets, h\bires, filaments, solutions or 
dispersions, the chips being particularly 
suitable for moulding into articles, and 
solutions and dispersions for. coatings and 70 
1 in ore gnat- 0 n . 

The linear synthetic resin of our in- 
vention may be converted into a rubber- 
like material by heating to an elevated 
temperature of, for example, 150 — 170" 75 
U. The formation of tne rubber-like 
material may be speeded up by incor- 
porating into the linear synthetic resin a 
suitable catalyst such as for example an 
organic basic compound, e.g. pyridine. SO 

At any stage before the final, heating 
step, ancillary ingredients such as for 
example, fillers, pla&ticisers, extenders, 
pigments or other materials,, may be 
incorporated in the material in order to 85 
affect the properties of the rubber-like 
material in some desired manner. 

- - - WALTER SCOTT, < 
Agent for the Applicants. 



PROVISIONAL SPECIFICATION 
No. 38005 A.D. 1952 

New Synthetic Resins Derived from Linear Aliphatic Polyethers 
and Bifunctional Isocyanates and Rubber- Like Materials 
derived therefrom 



We, Imperial Chemical Industries 
Limited, of Imperial Chemical House, 
90 Millbank, London, S.W.I a British 
Company do hereby declare tnis invention 
to be described in the following state- 
ment : — 

This invention relates to new plastic 
95 compositions which can be converted 
into rubber-like materials and to rubber- 
: like materials produced therefrom. 



By the term rubber-like ... as used 
throughout this specification we mean 
having 1 physical properties similar to 100 
those of vulcanised natural rubber. 

According to the present invention we 
provide a composition obtained by mix- 
ing a linear synthetic resin comprising 
polyether chains having tearminal iso- 105 
cyanate groups with a compound having 
at least three hydroxyl groups, the linear 
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synthetic, resin being produced by react- 
ing under substantially anhydrous con- 
ditions an excess of one or more diiso- 
cy a nates witli one or more linear poly- 
5 ethers having* terminal - groups react able 
therewith. TV' a have found that a rubber- 
like material having an outstanding 
combination of high tensile .strength, 
high tear resistance, resistance to a^bra-. 
10 sion, resistance to hydrolytici degradation 
and resistance to swellings by aliphatic 
and aromatic hydrocarbons may be pro- 
duced by subjecting the .composition of 
our invention to an elevated temperature. 

15 Suitable diisocyanates. which may be 
used are. for example, hexameihylene di- 
isocyanate; 3 - nitrodiphenylene * 4, 4 1 -- 
diisocyanate; 2 - nitrodiphenylmettiane- 
4,4' - diisocyanate; naphthylene - 1,4 : 

20 diisncyanate; naphthylene - 1 * o-diiso- 
eyanate; naphthylene - 2,7-diisocyanate; 
iiuorene - diisocyanate; . chrysene-diisor 
cyanate; 1 - clilorQphenylene-^,4-diiso- 
cyaimte: .tolylene-2 ? 4-diisooyanate: .... _dir 

25 cyclohexylmetiiane - 4,4* - diisocyanate, 
di - para-xylylmetihane-i^^diisQcyanate; 
(liphenyleneHt^^diisooyanate.. . and i^.4 1 - 
cyclohexylphenyl diisocyanate. Mixtures 
of any of! these compounds may be. used. 

30 Compositions having *at least . three 
hydroxy! groups may be polyfunotibnal 
aliphatic, alcohols having primary jand/or 
secondary hydroxyl groups. Mixtures of 
these compounds may. be used. Examples 

35 of suitable. jwlyhydroxy compounds are 
glycerol, pentaerythritol, . .trihydroxy 
tertiary butane, trimethylol propane, tri- 
methylol ethane, and 1 : 2 : 4 butane trio!. 
Suitable linear polyethers include, for 

40 example, those prepared by the _poly : 
tuerisation or co-polymerisation of ethyl- 
ene oxide, isopropylene oxide, trimethyl- 
ene oxide, tetrahydrofurane, dioxan.es, 
•T^and dioxolanes; polycondensation . pro- 

45 " duots o? glycols j polyether acetals; and 
derivatives of any of these compounds. 
Such polyethers may be prepared by any 
suitable .known methods, for example, 
ethylene oxide may be polymerised by 

50 the action of water, glycol, acetic anhy- 
dride or caustic soda. Tetrahydrofurane 
may be polymerised by the action of 
catalytic amounts of nuorosulphonjc* acid 
or boron trifluoride and ethylene oxide or 

55 propylene oxide, followed by treatment 
with waiter. 

Depending upon the method of pre- 
paration the polyether may have terminal 
groups which are not reactable with di- 

60 isocyanates, and in such circumstances 
the non^reactable terminal groups should 
be replaced by hydroxyl groups by known 
methods. 7 . 

In preparing the linear synthetic resin 

65 the polyether is reacted -with" the diiso- 



cyanate preferably at an elevated tem- 
perature, for example 120'— 100° C. 
This enables the reaction to be completed 
rapidly. The reaction must be carried 
out under substantially anhydrous con- 70 
ditions, that is to say, water must be 
excluded to a sufficient extent that the 
reaction proceeds essentially between the 
polyether terminal groups and the iso- 
cyanate groups. We have found that the 75 
reaction proceeds satisfactorily provided 
the water content of the reaction mixture 
does not exceed about 0.€2% of the 
weight of the reaction mixture. The 
polyether is most conveniently dried 80 
before carrying out the reaction by heat- 
ing in the liquid state in a current of a 
dry inert gas, e.g. nitrogen or carbon 
dioxide, e.g. at 120° C, and if desired, 
under reduced pressure. 85 

It is necessary that an excess of diiso- 
cyanate over the polyether should be 
used in order to produce a synthetic 
linear resin— having -terminal isocyanate 
groups. The relative amount of diiso- 90 
cyanate will determine to what extent 

. chain lengthening of the polyether mole- 
cules-is allowed to proceed. Thus, when 
the amount of diisocyanate is only 
slightly more than one mole per mole of 95 
polyether, there will be a considerable 
degree of chain lengthening. When the 
amount of diisocyanate is greater than 
two moles, per mole of polyether there 
will be substantially no chain lengthen- 100 
ing" of .the polyether. The rheological 
properties of .the linear synthetic resin 
are controlled by the ratio of the reac- 
tants, by! their molecular* weights and 
their structures. It is necessary therefore 105 
to vary the amount of diisocyanate 
which is usecL j a J ceording.j;o the molecular 
weight of 'the polyether. 

With polyethers having a molecular 
weight below 5,000. it is desirable that 110 
there should be -some chain lengthenings 
during the initial treatment with the 
diisocyanate, and for such polyethers 
particularly useful amounts of diiso- 
cyanate are from 1.2 to 2 molea per mole 115 
of polyether. - With polyethers having a 

■"molecular weight above 5,000 and par- 
ticularly those above 10,000, we prefer 
that there should be no substantial 
degree of chain lengthening. Although 120 
theoretically this can be achieved by. . 
using 2 moles of diisocyanate per mole of 
polyether, we prefer to use an excess of 
from 5% to 10=% over. the- theoretical 
amount of diisocyanate. ./ 125 

The compositions-ujf-'our invention are 
prepared by mixing the required amount 
of the pplyhydroxy*. compound into - the 
linear synthetic resin until a homogeneous 

. product is obtained. For ease of working 130 
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it is usually found convenient to mix 
the polyhytboxy compound into the hot 
linear synthetic resin immediately after 
it has been prepared. Where, however, 

5 it is not intended to convert our com- 
position into a rubber-like material 
immediately after its preparation it 
should be cooled to room temperature or 
below. The relative amounts of the poly- 

10 hydroxv compound and the linear syn- 
thetic resin should be such that the 
hydroxyl groups and terminal isoeyanate 
groups 'are present in substantially equi- 
valent amounts. The amounli of poly- 

15 hydroxy compound required for this 
purpose, will therefore depend upon the 
molecular weight of the "linear synthetic 
resin. 

The composition of our invention is 
20 prefemblv used for moulding purposes 
within a 'comparatively short- t ime of its 
preparation. The reaction l>etween the 
poly hydroxy compound and the linear 
synthetic resin can be retarded to a 
25 certain extent by cooling to a low tem- 
perature, but the composition should 



preferably be kept not more than a few 
hours before being subjected to the 
moulding operation. 

The composition is conveniently con- 30 
verted into the form of .chips, ribbon, 
film, sheets, fibres, filaments, solutions 
or dispersions, the chips being par- 
ticularly suitable for moulding* into 
articles] and solutions and dispersions for 35 
coatings and impregnation. 

The composition, of our invention may 
he converted into a rubber-like material 1 
by heatimr to an elevated temperature of , 
foi example, 150—170° 0. for a period 40 
of, for example, 10—30 minutes. In 
some cases it may be desirable in addi- 
tion to subject the composition to 
pressure of the order of 1 ton per square 
inch. 

At any stage before the final heating 
step, ancillary ingredients such as, for 
example, fillers, plastieisers, extenders, 
pigments or other- materials, may be 
incorporated in the material. 50 
WALTER SCOTT, 
Xgent for the Applicants. 



PROVISIONAL SPECIFICATION 
No. 2SCW A J). 1052 

New Synthetic Resins Derived from Linear Aliphatic Polyethers 
and Bifunctional Isocyanates and Rubber-Like Materials 
derived therefrom 



We, Imperial Chemical Industries 
Limited, of Imperial Chemical House, 
Millbank, London, S.AV.l, a British 
Company do hereby declare this invention 
55 to be described in the following state- 
ment: — 

This invention relates to new synthetic 
renins which can h* converted into 
rubber-lik* materials and to rubber-like 

60 materials produced therefrom. 

By the term rubber-like a« used 
throughout thin specification we mean 
having physical properties similar to 
those of vulcanised natural rubber. 

65 According to the present invention we 
provide a linear synthetic resm compris- 
ing polyether chains having* terminal tso- 
cvanate groups by a process which com- 
prises reacting under substantially nn- 

70 hvdrous conditions an excess of one or 
more diisocyanate* with one or more 
linear polyethers having- terminal 
hydroxyl groups. Wo have found that a 
rubber-like material having an outstand- 

75 ing combination of high tensile strength , 
high* tear resistance, resistance to abra- 
sion, resistance to hydrolytic degradation 
and resistance to swelling by aliphatic 
and aromatic hydrocarbons may be pro-. 



duced by first reacting the linear syn- 80 
thetk' resin of our invention with water, 
steam, ammonia or a compound having* 
two groups each reactable with the iso- 
cyana.te group, and thereafter subjecting 
tlie reaction product to an elevated tern- 85 
perature. 

Suitable diisooyanates which may be 
user! are for example, hexamethylene <li- 
isocyanate; 2f - nitrocliphenylene - 4, 4 l - 
diisocvanate; 2 - niti-odiphenylmethane- 90 
4,4' - diisocyanate; naphthylene - 1,4- 
diisncyanate; naphthalene - 1 - 5 -diiso- 
cyanate; naphthylene - 2 ,7-diisocyanate ; 
fluorene - diisocyanate ; chrysene-diiso- 
cyanate; 1 - chlorophenylene-2,4-diiso- 95 
cVanate : tolylene-M^diisocyanate ; di- 
cyclohexylinethane - 4,4' - diisocyanate, 
di - pora-xylylinethane-4,4 l -diisocyanate: 
diphenylene^^'-diisoc-yanate a.nd 4,4'- 
cyclohexylphenyl diisocyanate. Mixtures 100 
of any of these compounds may be used. 

Suitable linear polyethers include, for 
example, those prepared^ by the poly- 
merisation or co-polymerisation of etihyl- 
ene oxide, isopropylene oxide, triniethyl- 105 
ene oxide, tetrahydrofurane, . dioxanes, 
and dioxolanes; polycondensation pro- 
ducts of glycols; polyether acetals; and 
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derivatives of any of these compounds. 
Such, polyethers may be prepared by any 
suitable known method, for example, 
ethylene* oxide may be ' polymerised by 
5 the action of water, glycol, acetic anhy- 
dride or caustic soda. Tetrahydrofurane 
may be polymerised by the action of 
cafalyiic amounts of fluorosulphonio acid 
or boron trifluoride and ethylene oxide or 
* 10 propylene oxide, followed by treatment 
with water. 

Depending- upon the method of pre- 
paration, the poly ether may have ter- 
minal groups which"; are not reactable 

15 with diisocyanates, and in such circum- 
stances the non-reactable terminal groups 
may he 1 replaced by. hydroxy! gToups 
by known methods. 

Compounds having two* groups each re- 

20 actable with the isocyanate group and 
which may be reacted with ulie linear 
synthetic resin of our invention, include 
glycols, diamines having primary or 
secondary amino groups, oicarboxylic 

25 acids, hydroxy amines, hydroxy acids 
auc! -amino' acids. Suitable' compounds 
are, for example, ethylene glycol, 1:3 
propane diol, 1:4 butane diol, ethylene, 
diamine, trimethylene diamine," tetrad 

30 methylene diamine, m-phenylene di- 
amine, naphthylene diamines, tolylene' 
2.4 diamine, aminobenzylr aniline, amino-, 
diphenylamine, 2-amino ethyl' alcohol, 2- : 
amino 1 na.phthol, m-aminophenol, ~gly- 

35 collie acid, ^-hydroxy-propionic acid,- 
amino acetic acid and amino benzoic 
acid 1 . 

In carrying out the process' of our in- 
vention the polyether is* reacted with 

40 the diisocyanate preferably at an ele- 
vated temperature, "for example 120° — 
160° O. This enables the reaction to be 
completed rapidly. The reaction must be 
carried out under substantially anhy- 

45 d rous .conditions, that ia. to say, water 
must be» excluded to a sufficient extent 
that, the reaction proceeds essentially be- 
tween the polyether terminal groups and 
the isocyanate groups. We have found - 

50 that the reaction proceeds satisfactorily 
provided the water content of the reac- 
tion mixture does not exceed about 
0.02% of the weigSt of the reaction 
mixture. The polyether is most con- 

*5 veniently dried before carrying out the 
reaction by heating e.g. at 120° C.in the 
liquid state in a current of a dry inert 
gas, e.g. nitrogen or carbons-dioxide, and, 
iC desired, under reduced pressure. 

60 It ia necessary that an' excess 00 diiso- 
cyanate over the polyether should) be used 
in order to produce a synthetic linear 
lesin having terminal isocyanate groups. 
The relative amount of. diisocyanate will 

65 determine to what extent chain lengthen- 



ing of the polyether molecules is allowed 
to proceed. Thus, when the amount of 
diisocyanate is only slightly more than 
one molfe- per mole of polyether, there 
will be a considerable degree of chain 70 
lengthening. When the amount of diiso- 
cyanate. is greater than two moles per 
mole of polyether there will be substan- 
tially no chain lengthening .of the" poly- 
ether. The rheological properties of our 75 
product are' controlled by the ratio of 
the reactants, by their molecular weights 
and their structures. It is necessary 
tlerefor© to vary the amount of diiso- 
cyanate which is used according to the 80 
molecular weight of the polyether. 

With polyethers having a molecular 
weight below 5,000 it is desirable that 
there should be some chain lengthening 
durinjg the treatment with the diiso- 85 
cyanate, and for* such polyethers' par- 
ticularly useful amounts of diisocyanate 
are from 1 .2 to 2 "moles per mole of poly- 
other. With polyethers having "a mole- 
cular weight above^5. GQ0- a nd -particularly 90 
thosel above 10,000, we prefer that there 
should be no substantial degree of chain, 
lengthening* Although theoretically this 
-can be achieved by using 2 moles* of di- 
isocyanate per mole of polyether, we 95 
prefer to use an excess of from 5% to 
10% over the theoretical amount of diiso- 
cyanate. 

The -linear synthetic resins of our in- 
vention may then be reacted with a 100 
suitable compound of the kind herein- 
before described, to obtain a product 
which after a suitable heat treatment 
yields a rubber-like material. The reac- 
tanjt, e.g. water, may be added in the 105 
required amount to> the synthetic linear 
resin in a suitable mixing vessel,^ or, in 
the case, of steam and ammonia It may 
be 'blown on to the surface of the product. 
The rheological properties of the rubber- 110 
like prqdii^j^biok.JQ^ay be obtained de- 
pends ~upon the "nature "of the. synthetic 
resin of our invention and! the" nature 
and particularly the amount of the reac- 
tant with which it is reacted. • For this 115 
only an amount of reactant sufficient to 
bring about poly-addition between a pro- 
portion of the terminal isocyanate gToups 
is required. The amount of reactant used 
is, in; fact; best judged by observing the 120 
change in a rheological property of the 
rubber-like product. When the reactani 
tb be- used! is not volatile at the reaction 
conditions, and the amount required has 
been determined by trial, it may then be 125 
addedl to the synthetic resin of our inven- 
tion in weighed amount. When losses of 
the reactant occur, e.g. because of vola- 
tility in the case of steam, special process 
control ifo ensure correct addition is 130 
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required. Interaction between the reac- 
tant molecules, e.g. in the case of gly- 
cols, may also make special process 
control necessary. When water W used 
5 the amount is normally between 0.4 and 
1.5% by weight of the material being 
treated. Excess of the reaotant should be 
avoided because it has a degrading eject 
on the physical properties of our final 
10 cured rubber-like material. 

An important feature m controlling 
the Theological properties of our product- 
is the control of the uniformity of the 
reaction between the linear synthetic 
15 resins of our invention and the com- 
pounds of the kind hereinbefore de- 
scribed. Where the reaction product is 
sufficiently fluid the reaction may be 
carried out solely in a stirred mixer. In 
20 other cases the initial stage of the reac- 
tion may be carried out in a stirred 
mixer but as the reaction proceeds the 
nature of the product changes and in 
order to keep the product effectively 
25 mixed so that the reaction can proceed to 
the desired extent, the final stage of the 
mixing-should -preferably Aift_camed cut 
on heated rolls or in a mixer of the 
Banbury type. The temperature at which 
310 this reaction is allowed to proceed will 
depend upon the . type of compound with 
which the synthetic linear resin of our 
reaction is reacted. When water is used 
the reaction can be carried out below 
35 100° O.. e.g., at 80° C, but we prefer to 
use higher temperatures of the order ot 

120 160° 0. and when the material is 

further reacted under masticating con- 
ditions we prefer this further reaction to 
40 be. at 110—140° O. The reaction with 
steam is similarly preferably earned out 
nt temperatures from 120 — lm) U 
followed, if desired, by mastication at, 
for example, 110-140° 0. With ch- 
45 amines, dicarboxylio acids and ammo 
acids, on the other hand, it is preferred 



that/ the synthetic linear resin should be 
cooled before the reaction is allowed to 
be«in in order to allow thorough mixing 
oAhe ingredients before further reac- 50 
tion ait the higher temperatures. > 

The reaction product is conveniently 
converted into the form of chips, ribbon, 
film sheets, fibres, filaments, solutions 
or oispersions, the chips being par- 55 
ticularlv suitable for moulding into 
articles^ and solutions and dispersions 
for coatings and impregnation. 

The reaction product may thereatter 
be converted into a rubber-like material 60 
bv heating to an elevated temperature of, 
for example, 150-170° 0. for a- period 
of, for example, 10—30 minutes if nee es- 
sary at a pressure of the order of 1 ton/ 
square inch. Where the reaction product 65 
is sufficiently nuid, the product may be 
poured into an open mould and converted 
into a rubber-like material by heating 
without the application of pressure. Also 
where such a fluid reaction product has 70 
been prepared from a reaotant, e.g. 
water or steam, which gives rise to the 
evolution _of a .eras during the jraebgn, 
an expanded: rubber-like material may be 
obtained by heating the reaction product 75 
in a suitable mould. The formation of the 
rubber-like material may be speeded up 
or carried out at a lower temperature by 
incorporating into the linear synthetic 
resin a suitable catalyst. When the linear 80 
synthetic resin has been reacted with 
water, steam or a dicarboxylio ^acid, a 
suitable catalyst is an organic basic 

W At°any stage before the final heating 85 
stop, ancillary ingredients such as, for 
example, fillers, plasticisers, extenders, 
pigments, or other materials, may be 
incorporated in the material. 

WALTER S00TT, 
Agent for the Applicant*. 
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